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Reducing blood loss after total joint arthroplasty is an
important target for orthopedic surgeons. Many meth-
ods have been proposed, including the use of tourni-
quets, sealing of the intramedullary femoral canal and
the administration of antifibrinolytic agents [1–4].
Minimally invasive (MIS) techniques and computer-
assisted surgery have been introduced in recent
decades and are increasingly being used for total
knee arthroplasty (TKA). MIS techniques offer faster
recovery and reduced blood loss with less soft tis-
sue intervention and surgical trauma, as compared
with conventional techniques. Computer-assisted sur-
gery has been reported to improve lower extremity
alignment and implantation accuracy in most studies
[5–7]. Furthermore, computer-assisted surgery has
been reported to reduce blood loss in conventional
procedures [5–8].
This raises a question; does the combination of
MIS and computer-assisted surgery provide an addi-
tive effect on perioperative blood loss in TKA? To
date, few studies have assessed blood loss with com-
puter-navigated MIS TKA. The aim of this prospec-
tive, case-controlled study was to determine the
effect of navigation on blood loss in MIS TKA. With
extra-medullary bony preparation and no femoral
canal breaching, the navigated group was expected
to save the most blood in MIS TKA.
METHODS
This prospective study was conducted between May
2005 and May 2007. Patients with abnormal coagulation
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A prospective cohort study of 100 patients undergoing primary minimally invasive total knee
arthroplasty was carried out to determine blood loss after this procedure and to examine the effi-
cacy of navigation on blood saving. The patients were divided into two groups according to the
surgical technique, and underwent either computer-assisted navigation or manual procedures.
All operations were performed by a single surgeon using an identical approach. To minimize
blood loss, an intraoperative tourniquet was used, but no postoperative drainage was applied.
Although the mean surgical time was longer in the navigated group than in the manual group
(119.2 vs. 90.9 min; p < 0.001), the reductions in hemoglobin level (1.40 vs. 1.38 g/dL; p = 0.642) and
calculated blood loss (470.77 vs. 482.73 mL; p = 0.796) were similar in both groups. Four patients in
both groups required blood transfusion. With minimally invasive techniques and drainage avoid-
ance, our study suggests that the blood loss after minimally invasive total knee arthroplasty was
not significantly affected by the use of imageless navigation.
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status, including abnormal laboratory data, known
medical conditions affecting hemostasis (liver cirrhosis
and end-stage renal disease), long-term anticoagulant
use, and incomplete medical records were excluded.
The study included 100 osteoarthritic knees that under-
went primary MIS TKA by the same surgical team.
Subjects were assigned into two groups according
to the TKA method applied, the navigation-assisted
group (Group N) and the manual group (Group M).
Each group comprised 50 knees. Group N included
eight male and 42 female patients, while Group M in-
cluded 11 male and 39 female patients. The mean age
was 70.0 years (range, 55–85 years) in Group N and
71.1 years (range, 51–81 years) in Group M. There
were no significant differences between the two groups
before surgery in hemoglobin (Hb) levels or hemato-
crit counts (Table 1).
There was a historical basis for the distribution of
the patients into the two groups. Computer-assisted
navigation was used for MIS TKA procedures in the
early study period, while manual techniques were
used in the late period. All surgical procedures were
performed consecutively by the same surgeon (Dr C.Y.
Yang), who was familiar with both navigation and
manual MIS TKA procedures.
Surgical techniques and prostheses
All surgeries were performed under spinal anesthesia
and performed via an identical approach, limited
medial parapatellar arthrotomy, based on the method
described by Scuderi et al, with a 10–14 cm ante-
rior midline skin incision in the knee extension [9].
Modified, down-sized cutting blocks and “mobile
windows” with different postures were used for the
MIS procedures.
To minimize blood loss and maintain a clear oper-
ative field, a pneumatic tourniquet was routinely used
and set with a pressure equivalent to 200 mmHg plus
systolic blood pressure. The synovial membrane was
preserved, except when active synovitis was noted
during surgery.
In Group N, an imageless navigation system, Ortho-
Pilot (version 4.08; Aesculap, Tuttlingen, Germany),
was used to guide the bony cuts, which were com-
pleted without intra-medullary violation. In Group M,
the distal femur cut was carried out according to an
intra-medullary guide and the proximal tibial side
was completed using an extra-medullary method.
During implantation, the femoral intercondylar aper-
ture opened by the intra-medullary guide device was
not intended to be sealed with an autologous bone
plug or cement.
The same knee-replacement system with a ce-
mented, cruciate-retaining design (e-motion, Aesculap)
was implanted in all primary TKAs. All patellae were
resurfaced with cemented patellar buttons.
No drainage was used during wound closure. The
tourniquet was inflated during the whole procedure
and only released after the wound was closed in layers,
dressed with gauze, and wrapped with a crepe band-
age from the foot to the mid thigh. Postoperatively,
all patients received the same pain control protocols
and rehabilitation programs.
Measurement of Hb levels and calculation of
blood loss
Hb levels were measured pre- (Day 1) and postopera-
tively (at 07:00 on Day 3 and 4). During the assessment
period, no patients underwent preoperative hemodi-
lution or blood transfusion, but the patients did re-
ceive sufficient intravenous crystalloid fluid.
With the tourniquet inflated throughout the 
index procedure and no postoperative drainage place-
ment, the intraoperative blood loss was assumed to
Table 1. Demographic data of patients undergoing minimally invasive total knee arthroplasty with computer-assisted
navigation or manual techniques*
Navigation (n = 50) Manual (n = 50) p†
Age (yr) 70.0 ± 7.3 (55–85) 71.1 ± 5.1 (51–81) 0.393
Preoperative Hb (g/dL) 12.55 ± 1.42 (9.2–15.9) 12.81 ± 1.39 (8.7–16.0) 0.813
Preoperative Hct (%) 37.7 ± 4.3 (27.6–47.7) 38.4 ± 4.2 (26.1–48.2) 0.807
BW (kg) 67.1 ± 13.1 (38–97) 66.2 ± 7.9 (49–85) 0.895
BL (cm) 155.2 ± 7.6 (138–174) 153.5 ± 7.5 (140–170) 0.260
BMI (kg/m2) 27.6 ± 4.36 (19.3–36.4) 28.0 ± 3.17 (21.2–34.7) 0.653
*Data presented as mean ± standard deviation (range); †t test. Hb = Hemoglobin; Hct = hematocrit; BW = body weight; BL = body
length; BMI = body mass index.
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be minimal and no postoperative drainage records
were available, only leaving the Hb levels for com-
parison. To estimate the perioperative blood loss, the
maximum Hb reduction and calculated blood loss
[10] were determined using the following formulae:
Maximum Hb reduction = preoperative Hb −
minimum postoperative Hb,
Calculated blood loss = total blood volume ×
(1−minimum postoperative Hb/preoperative Hb).
where minimum postoperative Hb was defined as the
lowest value during the first 4 days postoperatively
without blood transfusion.
Total blood volume was adjusted according to the
sex, body mass index (BMI), weight and height of the
patients. For BMI ≤ 25 kg/m2, total blood volume =
body weight (kg) × 75 (mL/kg) (for men) or × 65
(mL/kg) (for women). For BMI > 25 kg/m2, the
adjusted body weight [0.6 × ideal body weight (as
BMI = 25) +0.4 × body weight] was used.
Management of blood loss
Patients received a blood transfusion once the post-
operative Hb level was either <8.0 g/dL or <10.0 g/dL
in the presence of anemic clinical symptoms or under-
lying cardiovascular anamnesis [6,11,12].
Statistical analysis
All TKA patients were routinely registered and 
followed-up in our “Arthroplasty Register”, which
was established in 2001. Pre- and postoperative Hb
levels, transfusion quantities and surgical records
were reviewed, compared and analyzed. Data are
presented as mean ± standard deviation, when ap-
propriate. Statistical analysis was performed using
SPSS version 14.0 (SPSS Inc., Chicago, IL, USA).
Student’s t tests were used for continuous variables
and Mann-Whitney U tests were used for nonpara-
metric data. Values of p < 0.05 were deemed to be sta-
tistically significant.
RESULTS
In this study, 100 patients (19 men) undergoing primary
MIS TKA were enrolled over a period of 2 years. All
patients had the same diagnosis of primary osteoarthri-
tis. Each group contained the same number of patients
with similar proportions of males and females. The
demographic characteristics of each group are shown
in Table 1; there were no significant differences be-
tween the two groups.
The preoperative Hb levels were similar in both
groups (Group N vs. Group M: 12.55 ± 1.42 g/dL vs.
12.81 ± 1.39 g/dL; p = 0.813) (Table 1). Although two
different surgical methods were used, the minimum
postoperative Hb levels were similar in both groups
[Group N vs. Group M: 11.15 ± 1.46 g/dL (range, 8.5–
15.2 g/dL) vs. 11.44 ± 1.30 g/dL (range, 8.6–13.9 g/dL);
p=0.302] (Table 2). Similarly, there were no differences
in the maximum Hb reduction (Group N vs. Group M:
1.40±0.85 g/dL vs. 1.38±0.83 g/dL; p=0.642) (Table 2).
The calculated total blood loss in Group N and
Group M was 470.77 mL and 482.73 mL, respectively
(Table 2). After taking the patients’ body habitus and
sex into consideration, small differences were noted
between the two groups (p=0.796). However, the differ-
ence was not statistically significant. Therefore, based
Table 2. Comparative postoperative results in minimally invasive total knee arthroplasty with computer-assisted 
navigation or manual techniques*
Navigation (n = 50) Manual (n = 50) p†
Operation time (min) 119.2 ± 13.4 (87–155) 90.9 ± 14.7 (60–141) < 0.001‡
Skin incision (cm) 12.87 ± 0.52 (10.0–14.2) 12.59 ± 0.69 (9.5–14.1) 0.448
Hospital stay (d) 10.4 ± 2.9 (6–17) 8.4 ± 2.6 (5–22) < 0.001‡
Min postoperative Hb (g/dL) 11.15 ± 1.46 (8.5–15.2) 11.44 ± 1.30 (8.6–13.9) 0.302
Max Hb loss (g/dL) 1.40 ± 0.85 (−1.2 to 3.7) 1.38 ± 0.83 (−1.5 to 3.2) 0.642
CBL (mL) 470.77 ± 233.95 (103.1–1,097.4) 482.73 ± 210.87 (37.0–988.4) 0.796
*Data are presented as mean ± standard deviation (range); †t test; ‡statistical significance was established at p < 0.05; Min = Minimum;
Max = maximum; Hb = hemoglobin; CBL = calculated total blood loss.
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on these data, the hypothesis that the navigated MIS
TKA procedure would save the most blood is rejected.
Under the criteria set for blood transfusion, four
patients (8%) in Group N and four patients (8%) in
Group M received blood transfusions.
The mean surgical duration (skin to skin) was sig-
nificantly longer in Group N (119.2 ± 13.4 min; range,
87–155 min) than in Group M (90.9 ± 14.7 min; range,
60–141 min) (Table 2). The increase in mean operating
time of 29 minutes was statistically significant (p <
0.001). There were no wound complications, such as
skin damage around the wound, infection or dehis-
cence, in either group at discharge, and at the first 
follow-up.
DISCUSSION
Reducing blood loss in total joint arthroplasty is an im-
portant issue for orthopedic surgeons. Various meth-
ods have been proposed, including intraoperative
tourniquets, diathermy coagulation, sealing of the
intra-medullary femoral canal, and the administration
of antifibrinolytic agents [1–4]. New techniques such as
computer-assisted and MIS surgery have been repor-
ted to have the potential to reduce blood loss [5,8,13].
Chauhan et al reported a significant reduction in
postoperative drainage during the first 24 hours in
computer-assisted procedures rather than in conven-
tional procedures [5]. Kalairajah et al also reported a
significant reduction of blood loss, as calculated from
drainage and Hb loss, when comparing their computer-
assisted and manual groups [8]. However, other
studies by Martin et al and Victor and Hoste reported
similar blood loss between such groups [6,7].
Because of these inconsistent results, we con-
ducted this prospective cohort study to evaluate the
efficacy of navigation on blood saving in MIS TKA.
There are few reports regarding blood loss after navi-
gated MIS TKA. Eum et al compared the postopera-
tive blood loss of an immediate drain release with
that of a 1-hour delayed drain release after naviga-
tion-assisted MIS TKA, using the same navigation
system and similar surgical methods, but different
approaches and drainage usages [14]. They reported
significantly lower blood loss in the delayed drain
release group in the first 24 hours after tourniquet
removal. However, the delayed and total blood
losses were similar in both groups.
Chandrasekaran et al described the initial results of
their first 30 navigated MIS TKA procedures. Using
the same surgical methods, exposure and similar
imageless navigation, the mean Hb loss was 3.09 g/dL
and the mean postoperative drainage was 462.1 mL
in 24 hours [15]. The results of our study are in broad
agreement with these studies. With the use of MIS
techniques and drainage avoidance in this study, the
similar Hb reduction and calculated blood loss in
both groups do not support our initial hypothesis, and
indicate that computer-assisted navigation does not
affect blood loss after the index procedure.
Compared with the previous studies, some critical
factors were identified and taken into consideration.
First, MIS techniques have been reported to reduce
soft tissue damage and can facilitate blood conserva-
tion [13]. However, in the earlier studies, it was not
described whether an MIS technique was used [5] or
intended to be applied [6–8]. With reduced invasive-
ness, the impact of navigation on blood conservation
in our study might be less obvious.
Second, no postoperative drainage was used in
our study and we routinely closed the wound with-
out drainage in both groups. Postoperative drainage
remains controversial in orthopedic surgery, despite
its theoretical advantages which include reduced pain,
less wound swelling, better soft tissue healing, fewer
infections, and quicker mobilization, many studies of
total joint arthroplasty have shown little benefit of
postoperative drainage and increased rates of com-
plications, particularly infection [16–18]. Continuous
intra-articular suction pressure through the drains is
expected to maintain a pressure gradient between the
medullary cavity and the knee joint if there is a com-
munication between the two. In a meta-analysis, closed
suction drainage was reported to have no major ben-
efits and increased the transfusion requirements after
elective hip and knee arthroplasty [19].
Early clamping of the drainage within 1–4 hours
after surgery was reported to significantly reduce post-
operative blood loss without excess morbidity after
TKA [20,21].
Despite the routine application of a bone plug or
cement to seal the femoral entry hole, eliminating the
bleeding from the canal was recommended in some
studies [2,3]. However, we believe that the less invasive
approach with navigation cannot be simply replaced
by “plugging” the canal. Extramedullary guidance by
navigation without breaching the femoral canal saves
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the intramedullary vasculature, as shown by Chauhan
et al [5]. In our study, no effort was made to close the
femoral entry because this was thought likely to in-
crease blood loss in the manual group. However,
because blood loss was similar in both groups, we
assumed that the natural tamponade without perform-
ing drainage also reduces blood loss and outweighs
the impact of navigation.
The main weakness of this study is the assessment
of blood loss. Senthil Kumar et al studied the rate of
blood loss after TKA and found that 84% and 94% of
the total wound drainage was collected in the first 12
and 24 hours, respectively [11]. By avoiding drain-
age, there were no drainage records in this study, and
only changes in Hb levels could be determined. To
grossly reflect the trend in blood loss, we used a
method that is commonly used in clinical practice and
in clinical studies, namely the maximum Hb reduc-
tion, and defined it as the greatest difference in Hb
level between admission and the 1st or 2nd postopera-
tive day (Day 3 and 4). Moreover, after considering
the patients’ body habitus, the calculated blood loss,
as described by Gross [10], was also used to more
accurately estimate blood loss.
Hemostasis after surgery should last for >24 hours,
particularly in cases with hemodynamic instability,
third-space fluid retention, or hemoconcentration, the
true blood loss may not be precisely estimated [22].
More frequent measurements of Hb, as often as several
times each day, are needed to better evaluate blood loss.
In most studies, navigation-assistance was reported
to be time-consuming, despite the potential benefits of
improved accuracy and reducing radiographic outliers
(deviation more than ± 3 degrees). In our series, the use
of a computer-assisted navigation system in combi-
nation with MIS TKA actually increased surgical time
by 29 minutes compared with manual procedures,
which raised concerns in terms of tourniquet pain,
analgesia, and delayed postoperative rehabilitation.
Possible reasons for the prolonged surgical time are an
unfriendly navigation interface or limited algorithms,
inappropriate patient recruitment for navigation-
assisted MIS TKA, and the time needed for the sur-
gical team to adapt to the surgical procedures and
implantation.
In conclusion with MIS techniques and drainage
avoidance, our study showed that the blood loss
after MIS TKA was not significantly affected by the
use of imageless navigation.
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微創全膝關節置換的術後失血量—
電腦導航輔助技術的影響
張志偉  吳柏廷  楊俊佑
國立成功大學  醫學院  附設醫學中心  骨科部
我們進行一項涵蓋 100 位接受初次微創全膝關節置換（MIS-TKA）病患的前瞻性研
究，來了解微創全膝關節置換術後的失血量與檢驗導航輔助技術對減少此項手術失血
量的效果。病患被分為相同數目的兩組；分類僅根據電腦導航輔助技術的使用與否，
也就是使用電腦導航技術輔助下進行與一般的微創全膝關節置換方式兩組。所有手術
都是由同一位醫師，以相同的微創方式進行。其他，為減少失血，兩組均以術中止血
帶使用與術後不放置引流管來達到。相較於一般手開的微創全膝關節置換的平均手術
時間（90.9 min），儘管電腦導航組消耗了更長時間（119.2 min；p < 0.001），但
兩組在失血量方面，不論以血紅素（Hb）的降低或考慮身體組成的計算失血量
（calculated blood loss）來代表，都是相似的（導航組的血紅素平均降低為 1.40 g/
dL，計算失血量平均為 470.77 mL；對照組則為降低 1.38 g/dL 與失血量 482.73 
mL； p值分別為 0.642，0.796）。此外，兩組都各有 4 位病患需要輸血。根據我們
的研究結果顯示在使用微創手術技巧與無引流管放置條件下，使用電腦導航輔助技術
對減少微創全膝關節置換術後的失血量沒有顯著影響。
關鍵詞：失血，電腦導航輔助，微創全膝關節置換
（高雄醫誌 2010;26:237–43）
